W e build a model of investment and financing decisions to study the choice between bonds and bank loans in a firm's marginal financing decision and its effects on corporate investment. We show that firms with more growth options, with higher bargaining power in default, operating in more competitive product markets, or facing lower credit supply are more likely to issue bonds. We also demonstrate that, by changing the cost of financing, these characteristics affect the timing of investment. We test these predictions using a sample of U.S. firms and present new evidence that supports our theory.
Introduction
In the frictionless financial markets of Modigliani and Miller (1958) , capital structure is irrelevant and all value-enhancing projects can be financed. The insight that market frictions make financing decisions relevant has spawned a large body of theoretical and empirical research, most of which focuses on the choice between equity and debt. In this paper, we examine a related but much less studied topic, namely the choice between bonds and bank loans and its relation to corporate investment. To this end, we build a model of investment and financing decisions in which firms can choose not only the amount but also the type of debt to issue. We then examine whether the predictions of the model are supported by the data on firms' debt choices and investment decisions.
We base our analysis on a simple real-options model in the spirit of Sundaresan and Wang (2007) and Morellec and Schürhoff (2010) , in which investment and financing decisions are endogenously and jointly determined. Specifically, we consider a firm with assets in place and a growth option to expand operations. The firm is initially financed with common equity and has the possibility to exercise its growth option at any time. To finance the cost of investment, the firm can issue a mixture of equity and debt. Real-options models generally assume that firms have access to a single class of debt. We consider instead that firms can finance investment using any combination of common stock, bonds, and bank loans. Our paper addresses a set of key questions in corporate finance. First, how do debt choice and capital structure (i.e., the firm's leverage ratio) interact and what factors drive these interactions? Second, how do debt choice and capital structure affect investment policy? Third, how do they depend on firm characteristics?
In the model, corporate income is subject to taxation, leading to a role for debt financing. The benefits and costs of each debt source affect not only the mix of debt that borrowers demand but also corporate investment. Our theory assumes that bank loans are renegotiable so that borrowing from private lenders makes inefficient liquidations less likely and, therefore, reduces the cost of capital. However, the supply of private lenders with the required expertise is limited. Notably, one key innovation of our model is to consider that firms have to search for informed lenders when seeking to raise private debt, leading to financing risk and to rent extraction by private lenders. Based on these assumptions, the model characterizes the value-maximizing investment and financing policies for a firm acting in the best interests of shareholders and generates a rich set of testable predictions about the choice between bonds and bank loans and corporate investment.
We highlight the main empirical implications. First, our theory predicts that firms with valuable investment opportunities are more likely to finance investment with equity and bonds. Indeed, for such firms the hold-up or rent extraction problem associated with borrowing from a private lender is particularly acute and the relative cost of private debt particularly high. Second, because bank loans are renegotiable, our model predicts that firms with lower bargaining power of shareholders in default have a preference for bank loans. Indeed, smaller deviations from absolute priority in default make renegotiable debt relatively less expensive and bank loans more attractive.
We also incorporate in our analysis several realistic factors that affect the choice between bonds and bank loans. The first such factor is the supply of capital in private credit markets. We show that credit supply has two effects on the public-private debt choice. First, it determines the likelihood of finding informed private lenders. Second, it determines their bargaining power at the time of financing and, therefore, the cost of bank loans. In particular, greater competition among financiers reduces the share of the investment surplus captured by private lenders. Therefore, a stronger supply of credit tends to push the choice of debt instrument towards bank loans.
The second factor is competition in the firm's product markets. Specifically, we consider that competitors can implement projects that will make the firm's growth option worthless and show that this risk affects the choice of debt source. Notably, as product market competition increases, the financing risk associated with bank loans increases and firms tend to favor public debt issues.
We also explore with our model how corporate investment depends on the firm and industry characteristics that determine the choice between bonds and bank loans. We find that, by changing the firm's debt structure and its cost of capital, these characteristics affect the attractiveness of growth options and the timing of investment. Notably, the profitability of growth options, product market competition, and private credit supply speed up investment, whereas the bargaining power of shareholders in default and liquidation costs delay investment.
To test the predictions of the model, we form a large sample of U.S. firms for the period 1988-2007. For this sample, we estimate logit models predicting the likelihood that a firm chooses bonds over bank loans. Our estimations reveal that debt choices are related to these explanatory variables in ways consistent with our theory. Notably, we find that the bargaining power of shareholders in default and the intensity of product market competition increase the likelihood of a firm issuing public debt. We also find that firms with substantial growth opportunities are more likely to issue bonds. By contrast, firms facing a stronger credit supply are more likely to issue bank loans. The results are robust to the use of alternative proxies and to the inclusion of additional control variables.
In the second step, we identify the effects of our explanatory variables on investment rates. Specifically, we follow Whited (2006) and estimate a proportional hazard model in which we investigate which factors increase or decrease a firm's investment hazard. Our estimations show that growth options, credit supply, and competition shift investment hazard rates up, while liquidation costs and bargaining power in default shift hazard rates down, consistent with the model's predictions. We also perform several robustness tests that confirm the validity of our results.
The present paper continues a line of research that uses structural models to analyze corporate policy choices. Whereas early studies in this literature focus either on investment or on financing decisions, 1 a number of recent papers examine the relation between a firm's investment opportunity set and its capital structure, emphasizing the role of agency conflicts in the debt-equity choice. 2 Among these, our work is most closely related to a set of papers that studies the effects of security provisions (see Morellec 2001, Auh and Sundaresan 2013) or priority structure (see Wang 2007, Hackbarth and Mauer 2012) on investment and financing decisions. To the best of our knowledge, however, our paper is the first that models both endogenous investment and capital structure together with the choice between bonds and bank loans. This allows us to generate additional insights and empirical predictions. Another key difference between our setup and prior contributions is the 1 See McDonald and Siegel (1986) and Leland (1994) for early contributions and Strebulaev and Whited (2012) for a review of this literature. With the exception of Hackbarth et al. (2007) , which abstracts from investment decisions, financing frictions, and product market competition, these papers do not analyze the choice between public and private debt financing, which is the focus of our analysis. 2 Mello and Parsons (1992) and Mauer and Triantis (1994) were the first to examine the interactions of investment and financing decisions in dynamic settings. Hennessy (2004) uses Q-theory to show that these interactions matter empirically. Sundaresan and Wang (2007) and Tserlukevich (2008) propose models in which firms can issue debt to exercise a sequence of growth options. Leland (1998) studies the relation among agency costs, risk management, and dynamic capital structure choice. derive utility-maximizing investment and financing policies for risk-averse entrepreneurs. Chen and Manso (2010) examine the effects of macroeconomic fluctuations on the agency costs of debt. Hackbarth and Mauer (2012) study the relation between the priority structure of corporate debt and investment decisions. Morellec and Schürhoff (2010, 2011) examine the effects of personal taxation and asymmetric information on the timing of investment and the choice between debt and equity financing.
Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved.
introduction of search frictions for the use of private debt. We believe that our modeling approach could be used in various other real-options applications.
In addition, our paper relates to the empirical literature investigating the choice between public and private debt (see Blackwell and Kidwell 1988 , Houston and James 1996 , Johnson 1997 , Krishnaswami et al. 1999 , Colla et al. 2013 , Lin et al. 2013 . It extends this literature in several ways. First, we use an incremental approach that analyzes the determinants of debt issues instead of focusing on the composition of a firm's debt financing at one point in time (see also Denis and Mihov 2003, Gomes and Phillips 2012) . This allows us to relate financing choices to explanatory variables measured just before the financing decision. Second, we provide direct evidence on the role of growth options, bargaining power of shareholders in default, credit supply, and competition in the choice of debt source. Third, we show that the determinants of the choice of debt source also affect investment rates.
Last, our paper relates to the study of Rajan (1992) , which is the first to emphasize that although private debt can avoid inefficient liquidations, it can also lead to rent extraction. Our analysis incorporates additional determinants of debt choices and relates debt choice to capital structure and corporate investment. This allows us to generate a rich set of empirical predictions that we test on a large sample of U.S. firms.
Model and Assumptions
Throughout the paper, assets are continuously traded in complete and arbitrage-free markets. The defaultfree term structure is flat with an after-tax risk-free rate r, at which investors may lend and borrow freely. Corporate taxes are paid at a constant rate and full offsets of corporate losses are allowed. We consider an infinitely lived firm with assets in place and a growth option to expand operations. Assets in place generate a continuous flow of operating income X t as long as the firm is in operation, where X t t≥0 is governed by the process
under the risk-neutral probability measure . In this equation, < r and > 0 are constant parameters and W = W t t≥0 is a standard -Brownian motion. The firm can exercise its growth option by paying the constant investment cost I. Immediately upon exercise, operating income increases from X to X, where > 1 is a constant factor that determines the growth potential of the firm. The firm has flexibility in the timing of investment, but it can be preempted by potential competitors if it does not invest promptly. Specifically, we assume that over each time interval t t + dt before investment there is a probability dt that the firm loses its growth option, as in Morellec and Schürhoff (2011) and Hackbarth et al. (2014) . The firm is initially financed with equity. 3 To finance investment, it can issue a mixture of debt and equity at the investment date. We consider that the firm has access to two classes of perpetual debt contracts: private debt contracts (i.e., bank loans) with coupon payment b and public debt contracts (i.e., bonds) with coupon payment c.
Because cash flows fluctuate stochastically, debt contracts are subject to default risk. In default, private debt contracts can be renegotiated to avoid liquidation. We assume, however, that private lenders with the required expertise are scarce and that, conditional on searching, the probability of getting financing from informed private creditors over each time interval t t + dt is dt. 4 We also assume that firms incur a flow cost > 0 when searching for private creditors and that, because of their scarcity, these creditors can capture part of the investment surplus at the time of financing. 5 As in Rajan (1992) , our theory, therefore, assumes that intermediaries reorganize more efficiently than public (arm's-length) investors. This superior ability allows private investors to extract rents from borrowing firms. In our model, the source of these rents can be traced to the scarcity of informed lenders, which gives them bargaining power at the time of debt issuance. Specifically, once management and informed debt investors meet, they bargain to determine the proceeds from the debt issue or, equivalently, the allocation of the investment surplus (i.e., of the net present value (NPV)) between shareholders and private lenders. Given a nonnegative surplus S X b c , we assume that the allocation of this surplus results from Nash bargaining. Denoting the bargaining power of shareholders by 3 Extending the setup to incorporate a mix of debt and equity does not change our results or empirical predictions. Indeed, if new debt is senior to existing debt, then investment does not affect the value of old debtholders and new debt is priced as in the current model (see Johnson and Stulz 1985, Hackbarth and Mauer 2012) . If instead new debt has lower priority than existing debt, then there is debt overhang and investment is delayed by existing debt. However, because the firm invests when the cash flow shock is high, the risk of corporate debt is low at the time of investment and the effect of debt overhang on debt choices and corporate investment is limited. 4 One potentially aggravating factor is that the firm may not be able to find informed private creditors with deep pockets and thus may have to rely on a group of private debt investors, as in He and Xiong (2012) . 5 In the appendix, we consider an alternative framework in which firms have access to credit lines. In this case, there are no search frictions. However, because the rate on the credit line is set ex ante by the bank and may not reflect the financial health of the firm at the time of investment, debt will be mispriced, leading to distortions in investment policy. Most of our results go through in this alternative formulation. See §3.4.
Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved. = / + , where ≥ 0, the amount * that private lenders can extract satisfies * = arg max ≥0 1− S X b c − = 1 − S X b c When = 0, we have = 1, and shareholders capture all the investment surplus. When > 0, the fraction of the surplus captured by shareholders increases with the supply of informed lending . That is, competition among informed lenders reduces their ability to extract rents. Our assumptions imply that the supply of bank loans has two effects on debt choice: first, it affects the likelihood of finding informed private lenders, and second, it affects their bargaining power at the time of issuance, and therefore, the cost of private debt. The paper does not attach any particular interpretation to the uncertainty in the supply of informed lenders. This uncertainty may be related to shocks to banks' health (as in Gan 2007) , to regulatory changes (as in Leary 2009 , Lemmon and Roberts 2010 , Haselmann et al. 2010 , to the limited ability of financial intermediaries to verify the viability of projects (as in Faulkender and Petersen 2006) , or to variations in monetary policy (as in Kashyap et al. 1993 Kashyap et al. , 1994 .
Instead of issuing private debt, the firm can choose to issue public debt. As in Bulow and Shoven (1978) and Gertner and Scharfstein (1991) , public debt contracts are not renegotiable. Therefore, public debt does not require any specific expertise and hence is not subject to search frictions. 6 We assume, however, that public debt is subject to proportional issuance costs . 7 There is recent empirical and anecdotal evidence supporting the way that we model the frictions in the private credit market and how it affects debt choice. For instance, Becker and Ivashina (2014) provide evidence suggesting that firms switch from loan to bond financing at times characterized by tight lending standards. Moreover, syndicated bank loan lending has significantly fallen in the Euro zone during the sovereign debt crisis as companies have struggled to find informed private creditors willing to provide credit. As a result, these firms have shifted towards bond issues, leading to a significant boom in the European corporate bond market (see, e.g., .
After debt has been issued, the firm has the option to default on its debt obligations. If the firm has issued 6 Allowing public debtholders to extract part of the investment surplus would not affect our results, since the value-matching condition (4) implies that there is no surplus at the time of investment with public debt. 7 Blackwell and Kidwell (1988) and Krishnaswami et al. (1999) provide evidence that issuance costs are larger for public debt issues than for private issues. public debt at the time of investment, then default leads to liquidation. At the time of liquidation, the firm loses a fraction ∈ 0 1 of its capital stock, leading to a drop in operating cash flows. That is, we consider that if the instant of liquidation is T , then X T = 1 − X T − . If instead the firm has issued private debt, then default leads to renegotiation. We consider a Nash bargaining game in default that leads to a debt-equity swap, as in Fan and Sundaresan (2000) . Denoting the bargaining power of shareholders in default by ∈ 0 1 , the Nash bargaining solution implies that shareholders get a fraction of asset value in default. We assume that renegotiations may fail with probability q, as in Davydenko and Strebulaev (2007) and Favara et al. (2012) .
Throughout the paper, management maximizes shareholder wealth when making policy choices. For doing so, management selects (i) the firm's investment policy, (ii) the firm's financing structure-type of debt contract and leverage level-at the investment date, and (iii) the firm's default policy after debt has been issued. Because the decision to invest is irreversible, the firm's initial asset structure remains fixed until the firm cash flows rise to a sufficiently high level and the manager invests. Similarly, cash flows need to reach a sufficiently low level for the firm to default after investment. We can thus see the manager's policy choices as determining the coupon payment and type of debt contract issued at the time of investment, the level of the cash flow shock at which it is optimal to invest, and the level of the cash flow shock at which it is optimal to default.
Model Solution and
Empirical Predictions
Firm Value After Investment
We solve the model backwards, starting with the values of equity, private debt, and public debt after investment. We denote equity value before investment by E 1 X and the values of equity, bank debt, market debt, and the firm after investment by E 2 X b c , B X b , D X c , and V 2 X b c . In our setup, the value of equity before investment equals the sum of the present value of the cash flows accruing to shareholders until investment and the change in this present value at the time of investment. Since the firm can finance investment using equity and either private debt or public debt, we need to consider two cases. Suppose first that the firm issues private debt at the time of investment. In that case, shareholders get E 2 X b 0 − I −B X b ≡ V 2 X b 0 − I at the time of investment, and the change in equity value is given by V 2 X b 0 − I − E 1 X . If instead the firm issues public debt, the change in equity value at the time of investment is given by V 2 X 0 c − I − D X c − E 1 X , where D X c represents issuance costs. We therefore start by computing the value of Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved. Management Science 61(11), pp. 2580 -2602 , © 2015 the firm after investment net of issuance costs, i.e.,
The value of the firm after investment is given by the sum of the cash flows accruing to claimholders until default, i.e., the after-tax operating cash flow plus the tax savings, and the present value of the cash flows accruing in default. Denote by X i the default threshold selected by shareholders, for i = B D where i = B (respectively, i = D) when the firm issues private (respectively, public) debt. Standard arguments imply that (see Appendix A) This equation shows that the value of the levered firm is equal to the value of the unlevered firm (first term on the right-hand side) plus the present value of the tax savings (second term) minus expected bankruptcy costs (third term). When the firm issues private debt from informed lenders, the probability of liquidation is reduced by a factor q and firm value is increased.
The default threshold that maximizes equity value depends on whether the firm has issued public or private debt and is given by (see Appendix A)
and the value-maximizing coupon payments for public and private debt, respectively, satisfy
As shown by these expressions, the value-maximizing coupon payment at the time of issuance increases with the tax benefit of debt and decreases with bankruptcy and issuance costs and . Equation (1) also shows that when the firm issues private debt, shareholders can extract concessions from debtholders in default, leading to early default in that X * B > X * D . Plugging these expressions into the equation for firm value and taking into account the registration costs associated with public debt contracts, we finally get the value of the levered firm at optimal leverage net of registration costs as
In our model, the benefits of bank loans over bonds are that renegotiation in default lowers deadweight costs of financial distress and that there are no registration costs for bank loans. The cost of private debt is that informed lenders are scarce and that the possibility to renegotiate the debt contract in default leads to early default. Consistent with this trade-off, these equations show that when there are no successful renegotiations (i.e., q = 1) and no registration costs (i.e., = 0), we have V 2 X b * 0 = V 2 X 0 c * . In addition, the value of the firm with private debt V 2 X b * 0 decreases with renegotiation frictions q, whereas the value of the firm with public debt V 2 X 0 c * decreases with registration costs . Therefore, whenever q < 1 or > 0, we have V 2 X 0 c * < V 2 X b * 0 . That is, one implication of the model is that there would be no place for public debt as long as the supply of bank debt was fully competitive ( ↑ ).
Optimal Investment and Financing Strategies
Prior to investment, management makes two types of decisions. First, it decides on the timing of investment. Second, it decides on the financing of the capital expenditure. Since the value of the firm after investment and the surplus from investment depend on the financing strategy of the firm, the firm's investment and financing decisions have to be jointly determined.
Denote byX * B the level of the cash flow shock above which it is optimal to search for private debt investors and invest in the project. (Note that in contrast to standard real-options models, investment may not occur atX * B since the firm needs to find informed lenders.) In addition, denote byX * D the investment threshold when financing the capital expenditure with Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved. public debt. Since firm value at the time of investment is greater when financing the project with private debt, we haveX * B <X * D . That is, the value-maximizing policy for shareholders is to refrain from investing for X <X * B , to invest and issue private debt for X ∈ X * B X * D conditional on finding private debt investors, and to invest and issue public debt atX * D if no private debt investor has been found.
Suppose first that the cash flow shock is in the region X * B X * D where it is optimal to issue private debt at the time of investment. The total investment surplus is then given by
Before investment, the firm delivers a cash flow stream 1 − X. In addition to this stream, investors also get capital gains Ɛ dE 1 over each time interval t t + dt . Using Itô's lemma, we then have that equity value before investment satisfies
The left-hand side of this equation represents the required return for investing in the firm's equity per unit of time. The right-hand side is the sum of the cash flow generated by the firm's assets and the expected change in equity value. This right-hand side is similar to those derived in standard contingent claims models (see, e.g., Leland 1994) . However, it contains the additional terms X −E 1 X and 1 X∈ X * B X * D X −I −E 1 X − that reflect the effects of competition and credit supply uncertainty on equity value. The second of these terms is the product of the arrival rate of an informed lender and the surplus that shareholders extract from investment net of search costs ( X − I − E 1 X − ), conditional on searching for informed lenders (1 X∈ X * B X * D ). Similarly, the first of these terms is the product of the change in equity value when a competitor invests ( X − E 1 X ) and the probability of such an event.
Equity value is solved subject to the following boundary conditions. First, since zero is an absorbing barrier for the cash flow shock, it must be that E 1 0 = 0. In that case, assets in place do not produce any cash flows and the option to expand is worthless. Also, since cash flows to claimholders are given by a (piecewise) continuous Borel-bounded function, the value function E 1 · is piecewise 2 (see Theorem 4.9, p. 271 in Karatzas and Shreve 1991) . Therefore, equity value satisfies the continuity and smoothness conditions:
where derivatives are taken with respect to X.
In the model, the firm can finance the capital expenditure using equity and either private debt or public debt. The value-maximizing threshold when investing with private debt satisfies the value-matching condition: 8 E 1 X * B = X * B − I As the cash flow shock increases, it becomes more and more costly for the firm to wait for informed lenders. This gives us two additional boundary conditions. First, the value of equity at the time of investment when the firm finances the capital expenditure by issuing public debt satisfies the value-matching condition:
Second, to ensure that investment with public debt financing occurs along the optimal path, the value of equity satisfies the smooth pasting condition:
This leads to the following result (see Appendix B):
Proposition 1. The value of equity before investment is given by
where the investment thresholds with private and public debtX * B andX * D , respectively, satisfȳ 
where z < 1 is the solution to the nonlinear equation
In these equations, the constants A, C, and D satisfy
and the constant elasticities , , and are given by
Equity value in Proposition 1 can be interpreted as follows. The first term on the right-hand side of equity value in the no-investment region (X <X * B ) represents the option value of investing in the project and restructuring the firm's capital structure. The second term represents the value of a perpetual claim to the current flow of income. This second term captures the effects of competition through the term / r + − X, which reflects both the increase in the discount rate caused by competition and the value of the firm after a competitor has invested. Similarly, the first two terms on the right-hand side of equity value in the investment with private lending region (X * B ≤ X <X * D ) represent the change in the value of the firm if no private debt investor can be found before the cash flow shock returns to the no-investment region (first term) or reaches the investment threshold with public debt financingX * D (second term). The third term represents the sum of the present value of cash flows from assets in place and the increase in equity value caused by investment with private debt financing. The fourth term represents the present value of investment and search costs.
When the expected delay associated with private debt financing (as measured by 1/ ) tends to zero, the value-maximizing investment threshold converges to
Equation (7) forX * can also be written as
The left-hand side of this equation represents the benefit from investment. At the time of investment, the firm (i) increases its operating cash flows (first term − 1 in the bracket) and (ii) rebalances its capital structure (second term in the bracket). The right-hand side of this equation is the adjusted cost of investment. This cost reflects the option value of waiting through the factor / − 1 . When this option has no value (which is the case as tends to infinity), shareholders invest as soon as the standard NPV is positive (i.e., as soon as X > I/ − ).
3.3. Model Predictions 3.3.1. The Public-Private Debt Choice. Since bank loans are renegotiable-and therefore less costly-firms find it optimal to finance investment by issuing private debt if the supply of bank loans is high enough and the pricing of private debt is competitive enough. To better understand the economic determinants of firms' financing decisions, Figure 1 plots the ratio of the investment triggers z ≡X * B /X * D as a function of the arrival rate of informed lenders , the bargaining power of shareholders in default , the size of the growth option , liquidation costs , and the arrival rate of competitors . In this figure, a low value for z implies that firms have a greater likelihood of financing the Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved.
Figure 1
Ratio of Optimal Investment Triggers 
Liquidation costs
Notes. This figure plots the ratio of the investment triggers z ≡X * B /X * D as a function of the arrival rate of informed lenders , the bargaining power of shareholders in default , the size of the growth option , cash flow volatility , liquidation costs , and the arrival rate of competitors . Parameter values are set as in the base case environment.
capital expenditure with private debt (holding and constant).
In Figure 1 , the risk free rate is set to r = 5%. The risk-neutral growth rate and volatility of the cash flow shock are set to = 0 67% and = 28 86%, in line with the estimates of Morellec et al. (2012) . The tax advantage of debt captures corporate and personal taxes and is set equal to = 15%. This corresponds to a tax environment in which the corporate tax rate is set at 35% and the tax rates on dividends and interest income are set to 11.6% and 29.3%, respectively, consistent with Graham (1996) . We base the value of liquidation costs on the estimates of Glover (2015) and set = 45%. The size of the growth option is set to = 1 25, and the arrival rate of competitors is set to = 1 so that the expected lifetime of the growth option is 1 year. We set Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved.
Management Science 61(11), pp. 2580 -2602 , © 2015 issuance costs to = 2%, in line with the estimates of Altinkilic and Hansen (2000) or Kim et al. (2008) . Finally, we set = 3, implying an expected financing delay with private debt of 1/ = 4 months, and = 0 03, implying that 99% of the investment surplus goes to shareholders. Figure 1 shows that as the supply of bank loans increases, the spread between the two thresholds widens. Indeed, as increases, the value of potential savings in default costs increases, the pricing of private debt improves, and it becomes relatively less interesting to finance the capital expenditure by issuing public debt. In addition, the figure shows that an increase in the bargaining power of shareholders in default increases the cost of bank loans and makes public debt more attractive (i.e., z increases). Figure 1 also shows that as the growth option becomes more valuable (i.e., as increases) and as competition intensifies (i.e., as increases), the wedge between the two investment thresholds decreases, implying that firms become more likely to issue bonds.
Remark. In the model, bankruptcy costs have two opposite effects on the cost of private debt. First, they increase the renegotiation surplus. Second, they induce early default, leading to a combined effect that is difficult to sign (i.e., to a nonmonotonic relation between and z). By contrast, an increase in the bargaining power of shareholders in default leads to an increase in default risk and to an unambiguous increase in the cost of private debt. In the analysis below, we therefore focus on measuring the effects of this factor on the choice between bonds and bank loans.
3.3.2. Corporate Investment. In the model, the timing of investment is endogenous and investment occurs the first time the cash flow process reaches the region X * B X * D and the firm can find private debt investors or reachesX * D before informed debt investors can be found. Table 1 examines the determinants of investment hazards, defined as the probability of undertaking the project as a function of time. To do this, we simulate a panel of N = 237,400 firms using a procedure described in Appendix C. Given the grouped data structure of our panel, we follow Whited (2006) and Leary and Roberts (2005) and estimate a mixed proportional hazard model, for which the hazard function at time t for firm i with covariates x i t is
In this model, t is the time to investment (or equivalently the length of a spell); 0 t is the baseline hazard, which we model as a nonparametric step function; and exp x i t is the relative risk associated with the set of covariates x i t , which allow the hazard Table 1 Investment Hazard Model Estimates: Simulated Data
Growth options 1 103 * * * 1 104 * * * 1 105 * * * 1 105 * * * 1 106 * * * 0 010 0 010 0 010 0 010 0 010 Liquidation costs −0 387 * * * −0 411 * * * −0 412 * * * −0 413 * * * 0 020 0 021 0 021 0 021 Bargaining power −0 229 * * * −0 229 * * * −0 230 * * * in default 0 010 0 010 0 011 Credit supply 0 022 * * * 0 022 * * * 0 004 0 004
Competition 0 047 * * * 0 004 to shift up or down depending on their values and on . Finally, i is a random variable representing unobserved heterogeneity, which we assume to be independent of x i t . The covariates that we include are the profitability of growth options, the bargaining power of shareholders in default, credit supply, competition, and liquidation costs. We estimate this model using maximum likelihood. Consistent with economic intuition, Table 1 shows that firms with more (or more valuable) growth options or operating in more competitive environments invest more readily. Firms invest also more readily when the supply of informed lenders is stronger since the cost of capital decreases with credit supply. By contrast, liquidation costs and the bargaining power of shareholders in default diminish investment propensities by making outside financing more costly.
An additional implication of our model is that negative shocks to the supply of bank debt may hamper investment even if firms have enough financial slack to finance investment (because of the ability to issue equity costlessly), consistent with the findings in Kashyap et al. (1993) and Lemmon and Roberts (2010) . Indeed, in our model, investment and financing decisions are jointly determined and the profitability of investment depends on the financing instrument chosen by the firm. As a result, a change in the supply or in the cost of one of the financing instruments can have major effects on the timing and probability of investment.
Summary of Empirical Implications
Before turning to the empirical analysis, we summarize our main testable hypotheses:
Hypothesis 1 (Debt Choice). Firms (i) with more growth options, (ii) higher bargaining power in default, Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved.
(iii) operating in more competitive product markets, and (iv) facing lower credit supply are more likely to issue public debt.
Hypothesis 2 (Investment). Firms with (i) high bargaining power of shareholders in default and (ii) high liquidation costs delay investment, whereas firms (iii) operating in competitive markets, (iv) facing a strong credit supply, or (v) with profitable growth options speed up investment.
To the best of our knowledge, our predictions on the effects of competition, credit supply, or bargaining power of shareholders in default on debt choice are novel. The prediction on the effects of credit supply on investment is also new to the literature. Some of our other predictions on investment timing are shared with existing studies. For example, Sundaresan and Wang (2007) show that higher bargaining power of shareholders in default delays investment. However, to the best of our knowledge, we are the first to provide evidence supporting this result. Akdogu and MacKay (2008) document a nonlinear relation between investment hazards and measures of product market competition. In addition, Almeida and Campello (2007) and Chaney et al. (2012) find that the level of investment is positively related to asset tangibility.
Our study complements that of Akdogu and MacKay (2008) by demonstrating the effects of competition on corporate investment using a new measure that has been shown to better capture competition. Similarly, whereas Almeida and Campello (2007) and Chaney et al. (2012) focus on the relation between investment levels and tangibility, our analysis examines the effects of asset tangibility on the timing of large investment projects. That is, in contrast to these studies, our empirical approach allows us to capture the effects of our explanatory variables on infrequent and lumpy investment (for evidence suggesting that investment decisions are lumpy, see Doms and Dunne 1998, Cooper et al. 1999) .
Remark. We show in Appendix D that modeling private debt using credit lines produces the same results on the effects of the profitability of the growth option or volatility if the precommitted interest rate does not depend on firm characteristics. In that case, credit lines become less attractive as the growth option becomes more valuable because the rate on the credit line does not depend on , whereas the cost of public debt decreases with . By contrast, the cost of public debt goes up as volatility increases, and the interest rate on the credit line remains constant, making credit lines more attractive. One important difference between credit lines and search is that the higher bargaining power of shareholders would lead to a more extensive use of private debt. Indeed, the rate on the line of credit is independent of and the value of equity increases with , making credit lines more attractive to shareholders. Last, for credit supply to matter, we would need to assume that the interest rate on the credit line decreases with credit supply.
Empirical Analysis

Data and Sample Description
Our empirical analysis is based on a sample of U.S. firms. We begin the sample construction by collecting data from Compustat's annual database for the period 1988-2007. Financial services firms (SIC code between 6000 and 6999) and regulated industries (SIC code between 4900 and 4999) are excluded from the sample (see Leary and Roberts 2005, Whited 2006 ). We also drop firm-years with negative or zero total assets or sales and firm-years for which the negative earnings before interest, taxes, depreciation, and amortization is larger than total assets (see Bris et al. 2009 ). The results are robust to relaxing these constraints.
We then merge this data set with data from various other sources. First, following Erel et al. (2012) , we obtain data on public debt issues from the Mergent Fixed Income Securities Database (FISD) and data on bank debt from Loan Pricing Corporation's DealScan database. From FISD, we use all United States dollar public debt issues made by domestic industrial firms with a valid issuer Committee on Uniform Securities Identification Procedures number, offering date, offering amount, and maturity. Similarly, from DealScan we get all sole-lender and syndicated bank loans with a valid Global Company Key (a six-digit number assigned to a company in the Capital IQ Compustat database), loan start date, loan amount, and maturity. We only keep firms that issue at least one bond or loan during our sample period, and we eliminate loans that are explicitly used for repaying existing loans and very small bonds and loans, as they are unlikely to be used for investment purposes. 9 Next, we collect data on industry competition from the Hoberg and Phillips data library. 10 We also retrieve institutional ownership data from Thomson Reuters' ownership database and corporate governance data on the E-Index used in the paper by Bebchuk et al. (2009) . Finally, we get data on credit conditions from the Senior Loan Officer Opinion Survey on Bank Lending Practices from the Federal Reserve. Using these data sources, we construct the following variables. Growth options . We measure the importance of growth opportunities using the firms' sales growth as in Whited (2006) , Grullon et al. (2012) , and Purnanandam and Rajan (2013) . Sales growth is computed as the growth in sales (sale) from year t − 1 to t.
Shareholders' bargaining power in default . Following Davydenko and Strebulaev (2007) , we measure shareholders' bargaining power in default by the fraction of total equity owned by institutional investors since more sophisticated and coordinated institutional investors are better at bargaining with creditors in potential renegotiations.
Supply of bank loans . Our main proxy for the supply of bank loans (credit supply) is based on the Senior Loan Officier Opinion Survey on Bank Lending Practices from the Federal Reserve. 11 The Federal Reserve conducts this survey by asking the 60 largest banks and 24 U.S. branches of foreign banks how their bank is changing its credit standards. We focus on the variable net percentage of banks tightening standards for commercial and industrial loans to large and middle-market firms. In actual tests, we lag this variable by one-quarter and multiply it by − 1 so that a higher value implies a higher supply of bank loans. The data are at the quarterly frequency and only available after the second quarter of 1990. 12 11 Several recent papers use data from this survey to capture credit supply conditions, e.g., Erel et al. (2012) , Murfin (2012) , and Becker and Ivashina (2014) . 12 In additional tests, we follow Erel et al. (2012) and use two additional proxies for the supply of bank loans. The first proxy is real GDP growth at the quarterly frequency. The second measure for the supply of bank loans is a dummy variable equal to 1 if the economy is in an expansion according to the National Bureau of Economic Research in a particular quarter and 0 otherwise. The results using these variables are available upon request.
Competition
. Our main proxy for the intensity of competition is the product market fluidity measure developed by Hoberg et al. (2014) , available in the Hoberg and Phillips data library starting in 1997. This proxy is based on product descriptions from firm 10-Ks and captures the structure and evolution of the product space occupied by firms. In particular, it captures competitive threats faced by firms and the changes in rivals' products relative to the firm.
Liquidation costs . Following Davydenko and Strebulaev (2007) , we use nonfixed assets (1 − net PPE (ppent)) scaled by total assets as our main liquidation cost proxy. In our estimations, we expect liquidation costs to decrease investment propensities.
We include in our estimations several control variables that have been shown to affect debt structure (see, e.g., Houston and James 1996 , Johnson 1997 , Krishnaswami et al. 1999 , Colla et al. 2013 ). We measure cash flow volatility as the annual standard deviation of cash flows over the past five years, where we require at least three consecutive observations. Size is the logarithm of net sales (sale). Market leverage is book debt over the market value of assets (market equity plus total assets minus total common equity (ceq)). A dummy variable, IG rating, takes the value of 1 when the firm has an investment grade rating and 0 otherwise. Finally, in our analysis of investment hazards, investment denotes capital expenditures (capx) during the fiscal year divided by total assets at the beginning of the fiscal year. We winsorize all firm-level variables at the 1% level in each tail to minimize the impact of outliers. Table 2 shows the definitions of all the variables used in the analysis.
Panel A of Table 3 provides descriptive statistics of the firm characteristics. The full sample is an Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved. unbalanced panel with 49,063 firm-year observations. 13 The average market-to-book ratio is 1.53, average sales growth is 16%, and the average intangibility measure is 69%. The average proportion of common stock held by institutional investors is 46%, a value slightly lower than the one reported by Davydenko and Strebulaev (2007) . Investment has a mean value of 7.6% of lagged total assets. Firms in our sample have average log sales of 5.86, which corresponds to total sales of 350 million. Moreover, they have an average market leverage of 20%, cash flow of 4.8% of assets, cash flow volatility of 7.7%, and a default probability of 18.9% (median of 0.4%).
Panel B of Table 3 provides descriptive statistics for the credit supply and competition variables. Over our sample period, the average net percentage of banks tightening credit standards is 6.3%. Furthermore, our main proxy for competition-product market fluidityhas an average value of 6.6, which is close to the value of 6.9 reported by Hoberg et al. (2014) .
The Choice Between Bonds and Bank Loans
In this section, we test the model's predictions regarding the choice between bonds and bank loans. We collapse 13 The number of observations is lower for the debt choice analysis. The reason for the difference is that in the debt choice analysis, we use the sample firms at the monthly frequency (as in Erel et al. 2012) and only keep the firm-months in which firms actually issue at least one bond or loan. By contrast, for the investment hazard analysis, we have the same set of firms in a more traditional firm-year panel data set. each firm's bond and bank loan issues at the month level and match the firm-month observations with accounting information from the most recent yearend reported in Compustat and with the quarterly macroeconomic data. We only keep the firm-months in which firms issue a bond or loan. Next, we eliminate firm-months in which firms issue both bonds and bank loans (477 observations) and drop convertible bond issues (1,812 observations). We end up with a sample containing 3,602 firm-months with bond issues (4,692 bond issues) and 10,934 firm-months with bank loan issues (15,575 loan issues). Table 4 shows descriptive statistics on how the bond and loan issues are distributed over the sample period and how they vary by firm size. The number of bond issues gradually increases at the beginning of the period, reaching a maximum of 463 issues in 1998. The number of loan issues significantly grows, with a maximum of 1,226 loan issues in 2004. This growth in the syndicated loan market is consistent with recent research on this topic (see, e.g., Ivashina and Scharfstein 2010) . Next, in each year, we split the number of bond and loan issues by the median size of the issuer and report the number of issues for small and large firms. As expected, bonds are predominantly issued by large firms, and small firms have a preference for loans. Finally, we note that each year about 50% of the sample firms do not issue any bonds, and only about 5% of firms do not issue any loans.
To test the model predictions, we estimate logistic discrete choice models in which the dependent variable is equal to 1 if the firm issues public debt and 0 if the firm issues private debt in a given month. In these logistic regressions, we are interested in measuring the effects of growth options, bargaining power in default, credit supply, and competition on the probability of issuing public or private debt. Following the literature, we include other potential determinants of the debt choice, including firm size, leverage, and credit rating (see Erel et al. 2012 , Johnson 1997 , Denis and Mihov 2003 , Gomes and Phillips 2012 . Table 5 presents the main results.
All six specifications of Table 5 examine the effects of growth options on the likelihood of issuing public debt. The coefficient is positive and statistically significant in all columns, consistent with the model's predictions. 14 In column (1), for instance, the coefficient of growth options has a value of 0.297, corresponding to a response probability of 0.20 evaluated at the mean of all covariates. The coefficient implies that a onestandard-deviation increase in sales growth (evaluated Management Science 61(11), pp. 2580 -2602 , © 2015 at the mean of all regressors) increases the response probability to 0.23, which is a relative increase of 15%.
In column (2) of Table 5 , we add shareholders' bargaining power measured by institutional ownership as an additional regressor. The coefficient has a value Table 5 Debt Choice Logistic Regressions: Main Results
(1) (2) (3) (4) (5) (5) and (6) include FIC-300 industry fixed effects, and the specification in column (6) is estimated with random firm effects. Standard errors adjusted for heteroskedasticity and within-firm clustering are in parentheses below the coefficient estimates. * * and * * * indicate statistical significance at the 5% and 1% levels, respectively. of 0.917 and is statistically significant. The response probability for this coefficient is 0.228. A one-standarddeviation increase in institutional ownership increases the response probability to 0.275. The intuition is that as shareholders' bargaining power increases, shareholders Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved.
are able to extract more rents from creditors in a potential renegotiation, and bank loans become more costly. As a consequence, a bond issue is more likely. Next, in column (3) of Table 5 , we test whether the supply of bank loans (based on the Federal Reserve survey) affects the probability of issuing a bond. We observe a negative and statistically significant coefficient with a value of −0 708 (response probability of 0.23), a result consistent with the model's predictions. Intuitively, when the supply of bank loans increases, search frictions decrease and firms are relatively more likely to find informed bank financing. 15 Another unique prediction of our model is that firms operating in more competitive environments should rely more on public debt. 16 Table 5 reveals that product market competition has a positive effect on the probability of issuing public debt. In column (4), the coefficient of competition is positive and statistically significant.
In columns (5) and (6) of Table 5 , we include industry fixed effects to control for broad industry effects, using the fixed industry classification (FIC) from the Hoberg and Phillips data library. The specification in column (6) is in addition estimated with random firm effects. The estimates in columns (5) and (6) are very similar to those in column (4). Finally, the coefficient estimates of the control variables are consistent with the existing literature. Specifically, the negative coefficient of cash flow volatility (although not significant) is consistent with the idea that firms that are more likely to be inefficiently liquidated have a preference for bank loans. The positive coefficient on firm size supports Fama's (1985) argument that larger firms find it more economical to produce the information required for public securities, i.e., that issuance costs are relatively less important for these firms. In addition, firms with a higher leverage and an investment grade rating have a higher probability of issuing bonds (see Erel et al. 2012, Denis and Mihov 2003) .
To assess the robustness of our results, we estimate a number of additional specifications in Table 6 . We include additional control variables for firms' capital market access and for firms' internal corporate governance. We also include interaction terms between bargaining power and firm's default probability and between growth options and competition to shed further light on the economic channel. Finally, we add a control 15 If a firm issues public debt to refinance a private loan (as opposed to financing a new growth opportunity), and if the propensity to refinance a bank loan is negatively correlated with credit supply, our results could be biased toward finding an effect. However, the proportion of bond issues used to refinance existing bank debt is only 3.5% in Thomson Reuters bond issue database. We therefore believe that this issue is of minor concern in the data. 16 This prediction of our model is not straightforward, as more competition generally implies a higher likelihood of default (see, e.g., Zhdanov 2007 , Valta 2012 ) and therefore a preference for private debt. variable capturing preexisting banking relationships of firms (see Bharath et al. 2011) .
One potential concern with the results so far could be that the proxy for bargaining power, the proportion of institutional ownership, also measures firms' access to the bond market and active monitoring of institutional investors. To address these concerns, we add a dividend payer dummy control variable in column (1) of Table 6 and the E-Index (see Bebchuk et al. 2009 ) as a governance control variable in column (2) of Table 6 . The specification in column (1) now includes three widely used proxies for financing constraints (size, credit rating, and dividend payer dummy), and the results are consistent with our main results. In column (2), the addition of a governance control variable does not change our main results either.
Our model also predicts that the effect of shareholders' bargaining power should be more important for firms with high default risk. We test this prediction by interacting a proxy for a firm's default probability with bargaining power, where the default probability is estimated following Bharath and Shumway (2008) . The coefficient of default probability is significantly negative in column (3) of Table 6 , supporting the view that firms with high default risk prefer private debt to avoid inefficient liquidation. Importantly, the coefficient of the interaction term is positive and statistically significant, while the direct effect of bargaining power is small and statistically insignificant. These findings suggest that shareholders' bargaining power in default matters for debt choice mostly for firms with high default risk and further corroborates the use of our proxy for bargaining power.
In column (4) of Table 6 , we test an additional prediction of our model that allows us to further differentiate our paper from existing contributions. Specifically, the model predicts that the effect of growth options is stronger in more competitive industries. The intuition is that the financing risk associated with bank lending is more severe when firms are more likely to lose their growth option to competitors. This effect pushes firms toward issuing bonds. To test this prediction, we split our competition variable into a dummy for high and low competition (at the sample median) and interact it with growth options. The estimates in column (4) reveal that the coefficients of high competition and of the interaction term are both significantly positive, whereas the coefficient of growth options decreases in magnitude and becomes insignificant, consistent with our model. Column (5) of Table 6 further shows that the results are robust to the inclusion of a control variable capturing firms' banking relationships. 17 Finally, in column (6) Management Science 61(11), pp. 2580-2602, © 2015 INFORMS Table 6 Debt Choice Logistic Regressions: Robustness Tests Notes. This table presents coefficient estimates from logistic regressions. The dependent variable is a dummy equal to 1 if a firm issues a bond and 0 if a firm issues bank debt in a given month. Column (1) includes an additional dummy variable equal to 1 if the firm pays a dividend and 0 otherwise. Column (2) includes the E-Index as additional variable. Column (3) includes an interaction term between the default probability and shareholders' bargaining power in default. Column (4) contains an interaction term between growth options and a dummy variable for high competition (split at the median). Column (5) includes an additional variable controlling for existing banking relationships of firms. Finally, column (6) restricts the sample to years around investment spikes. In particular, it only considers bond and loan issues that are issued up to three years before to one year after an investment spike. Refer to Table 2 for a detailed definition of the variables. The sample period is 1988-2007. All specifications include yearly dummies. Standard errors adjusted for heteroskedasticity and within-firm clustering are in parentheses below the coefficient estimates. * , * * , and * * * indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
of Table 6 , we restrict the sample to bond and loan issues around investment spikes. We follow Whited (2006) and consider that an investment spike occurs in the data if the ratio of investment to total assets is two times greater than the firm median. We then only keep bond and loan issues that were issued between three years before to one year after a spike. This sample restriction allows us to more closely tie firms' financing patterns to investment. Although the sample size decreases to 1,231, the results are similar to those of the full sample.
Investment Hazards
In this section, we test the implications of the model for investment timing by analyzing firms' investment rates (hazard rates) using a multivariate duration analysis (as in, e.g., Leary and Roberts 2005, Whited 2006 ). To do so, we estimate a mixed proportional hazard model as described in Equation (8), in which t is the time to investment. An investment spike occurs in the data if the ratio of investment to total assets is two times greater than the firm median. Our sample includes firms without any investment spike (censored firms) as well as firms with several spikes. Overall, we observe in our sample 5,829 investment spikes, corresponding to a fraction of 11.88% of spikes in the data. The average (uncensored) time between investment spikes (inaction spell) is 2.23 years. These values are similar to those reported by Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved. Notes. This table presents estimates from proportional hazard models for investment rates. An investment spike occurs in the data if the ratio of investment to total asset is two times greater than the firm median. Column (6) is estimated with FIC-300 industry fixed effects. Refer to Table 2 for a detailed definition of the variables. The sample period is 1988-2007. Standard errors are in parentheses below the coefficient estimates. * , * * , and * * * indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Whited (2006) . The model is estimated using maximum likelihood. Table 7 presents estimates of the proportional hazard model. These estimates are shift parameters showing whether and by how much a variable moves the baseline hazard rate up or down. The estimations in Table 7 are without unobserved heterogeneity, which we introduce in Table 8 . Moreover, we do not include yearly dummies because these would eliminate the variation in our credit supply proxies. Consistent with our model, columns (1)-(5) of Table 7 show that growth options shift hazard rates up in that the coefficient of growth options is positive and statistically significant in all columns. In addition, the effect is economically large. For instance, in column (1) the coefficient has a value of 0.339, which implies that a one-standard-deviation increase in sales growth increases the investment hazard rate by 18.5% (i.e., exp 0 339 × 0 50 − 1 .
One prediction of our model is that an increase of the bargaining power of shareholders in default increases the cost of financing and makes investment opportunities less attractive. As a result, firms delay investment (see Sundaresan and Wang 2007) . In column (2) of Table 7 , the coefficient on bargaining power is negative and statistically significant, consistent with our theory. Specifically, a one-standard-deviation increase in bargaining power decreases the investment hazard rate by 4.4% (i.e., exp −0 149 × 0 29 − 1 . Our estimates also show that the coefficient of credit supply is positive and statistically significant in columns (3)-(6) of Table 7 . When the supply of lenders is strong, the availability of capital increases and its cost decreases. As a consequence, investment opportunities are more attractive and firms speed up investment.
Next, we observe that competitive threat shifts hazard rates up. Specifically, the coefficient of competition is positive and statistically significant in columns (4)-(6). For instance, the coefficient in column (4) implies that a one-standard-deviation increase in competition increases the investment hazard rate by 7.4%. This result is consistent with the findings of Akdogu and MacKay (2008) . Our analysis adds to their paper by showing that this result is also obtained with the recent fluidity measure developed by Hoberg et al. (2014) .
In column (5) of Table 7 , we add liquidation costs as an additional explanatory variable. The coefficient on liquidation costs is negative and statistically significant. Similar to shareholders' bargaining power, higher liquidation costs in default increase the cost of financing and make investment opportunities less attractive. Finally, column (6) of Table 7 also includes industry fixed effects. Note that the coefficients on the control variables are as expected. Firms with high cash flows invest sooner (Whited 2006 Notes. This table presents estimates from proportional hazard models for investment rates. An investment spike occurs in the data if the ratio of investment to total asset is two times greater than the firm median. Column (1) includes an additional dummy variable equal to 1 if the firm pays a dividend and 0 otherwise. Column (2) includes the E-Index as an additional variable. Column (3) includes the default probability as an additional control variable. In column (4), the threshold for an investment spike is three times the median. Columns (5) and (6) estimate the proportional hazard model with unobserved heterogeneity (frailty). In column (5), we assume that unobserved heterogeneity is normally distributed, whereas in column (6) we assume that it is gamma distributed. Refer to Table 2 for a detailed definition of the variables. The sample period is 1988-2007. Column (6) reports the estimate of the heterogeneity variance ( 2 ), and column (5) reports the ratio of the heterogeneity variance to one plus the heterogeneity variance ( ). Standard errors are in parentheses below the coefficient estimates. * , * * , and * * * indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
firms with volatile cash flows tend to delay investment. Taken together, the results from these proportional hazard estimations provide support for the model's predictions. Table 8 reports robustness tests. In columns (1), (2), and (3), we add, respectively, a dividend payer dummy, the E-Index, and the default probability as additional control variables. In column (4), we vary the threshold for investment spikes. Finally, in columns (5) and (6), we allow for unobserved heterogeneity, which helps absorb the cumulative effect of potentially omitted covariates. As in Whited (2006) and Leary and Roberts (2005) , we assume that the unobserved heterogeneity has a normal (column (5)) or gamma (column (6)) distribution. In all six columns, the estimates are very similar to those reported in Table 7 .
Conclusion
This paper develops a model to study the choice between bonds and bank loans in a firm's marginal financing decision and its effects on corporate investment. In the model, private debt is renegotiable and therefore more attractive to the firm than public debt. However, private lenders with the required expertise are scarce, so the firms face search frictions when seeking to finance investment with private debt. In that respect, this paper takes a first step in constructing a Downloaded from informs.org by [129.194.8 .73] on 13 November 2015, at 06:51 . For personal use only, all rights reserved. model of corporate investment and financing decisions with capital supply effects.
Using this model, the paper shows that firms with more growth options, with higher bargaining power in default, operating in more competitive product markets, or facing lower credit supply are more likely to issue bonds. It also demonstrates that firms with high liquidation costs and high bargaining power of shareholders in default delay investment, whereas firms that are operating in competitive markets, facing a strong supply of lenders, or having profitable growth options speed up investment. The paper provides supportive evidence for the predictions of the model using a large sample of U.S. firms for the period 1988-2007.
Supplemental Material
Supplemental material to this paper is available at http://dx .doi.org/10.1287/mnsc.2014.2005. Notes. The top four panels plot the relative value of equity, defined as the value of equity when using public debt over the value of equity when using a credit line (i.e., E 1 X c * /E 1 X l * ), as a function of the profitability of the growth option , the volatility of cash flows , the bargaining power of shareholders in default , and bankruptcy costs . The bottom two panels plot the ratio of the investment triggers z ≡X * B /X * 1 l as a function of the arrival rate of informed lenders and the bargaining power of shareholders at the time of investment .
where the value-maximizing investment triggerX * Suppose next that the firm issues public debt instead of using credit lines. In this case, the value of equity before investment is given by where the value-maximizing investment trigger satisfies
To examine the effects of the parameters of the model on the choice between credit lines and public debt, the top four panels of Figure D .1 plot the relative value of equity, defined as the value of equity when using public debt over the value of equity when using a credit line (i.e., E 1 X c * /E 1 X l * ), as a function of the profitability of the growth option , the volatility of cash flows , the bargaining power of shareholders in default , and bankruptcy costs . In this figure, we assume that the firm picks l * ≥ 0 to maximize shareholder wealth at time t = 0, given r l . A value above 1 implies that shareholders are better off financing the investment project using a combination of common stock and public debt. Input parameter values are set as in the base case environment. The parameters for the line of credit are based on a recent empirical study by Sufi (2009) . In this study, Sufi finds that the median precommitted interest rate is 150 basis points above LIBOR (London Interbank Offered Rate), i.e., r l = r + 1 5%, in a sample of 11,578 credit lines obtained by 4,011 public firms between 1996 and 2003. (Campello et al. 2012 report similar numbers in a recent survey of 800 chief financial officers from North America, Europe, and Asia.) For this value of the precommitted interest rate, we have to raise the corporate tax rate to = 30% for the firm to use credit lines at all. Figure D .1 reveals that in our base case environment, the value of equity with a credit line is almost always dominated by the value without a credit line. That is, we find that the costs induced by the predetermined interest rate impose larger costs than the issuance costs of public debt in most economic environments. In our base case environment, for example, the credit spread on public debt at the time of issuance is 97 basis points, which is much lower than the 150 basis points of credit lines. 20 As the value of the growth option increases, the credit line becomes more and more mispriced, leading to a increase in the relative value of equity. By contrast, as cash flow volatility or bankruptcy costs increase, public debt becomes more expensive and credit lines more attractive. Last, as the bargaining power of shareholders increases, their cash flow in default increases, rendering credit lines more attractive.
One important aspect that our analysis does not capture is the funding risk associated with sources of debt other than credit lines. The empirical literature on lines of credit argues that they are motivated primarily by capital market frictions and that a committed line of credit overcomes these frictions by ensuring that funds are available for valuable investment 20 Note also that if we take all credit lines (Revolver/Line ≥ 1.Yr) in DealScan from 1988 to 2007, the average spread over LIBOR is 190 basis points (with median 175). By contrast, the average treasury spread (the difference between the yield on the bond and a treasury bond with corresponding maturity) for all bonds in the FISD database over the same time period is only 98 basis points (with median 59), consistent with the numbers in our model. projects. Interestingly, the model also allows us to examine the choice between a credit line and search when choosing to issue private debt, i.e., assuming that public debt is not available. To do so, we can use the same steps as in the main text and replace the boundary conditions for equity value with public debt financing (i.e., Equations (4) and (5)) by the following conditions:
whereX 1 l is the investment threshold when financing the project with a credit line. The bottom two panels of Figure D .1 plot the investment thresholds selected by the firm as a function of the arrival rate of investors and the bargaining power of creditors at the time of investment . The figure shows that when the arrival rate of investors is very low, firms may find it optimal to use credit lines as a risk management instrument (i.e., as a hedge against a contraction in the supply of credit). This result is consistent with the evidence in Campello et al. (2012) . In particular, they find that firms with more positive investment projects only use credit lines when immediate access to external funds is difficult (i.e., when is low). Another implication of Figure D .1 is that credit lines become more attractive as the bargaining power of shareholders decreases, i.e., as the cost of debt in subsequent issues increases (due to the limited competition or supply of capital in the debt markets).
